ABBREVIATIONS
INTERPRETATION Ad-AHA scores are consistent across different raters and occasions. The good alternate-form reliability indicates that the different test activities can be used interchangeably in adolescents with unilateral CP. Differences greater than or equal to 5 AHAunits can be considered a change beyond measurement error. The use of logit based AHAunits makes change comparable for persons at different ability levels.
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The upper limb dysfunction of children and adolescents with unilateral cerebral palsy (CP) may make the performance of activities involving reaching, grasping, and manipulating objects difficult. A common goal of treatment for adolescents with unilateral CP is to improve bimanual performance, because the effective use of the affected arm and hand in combination with the well-functioning hand is important for independence. A valid and reliable tool to assess arm-hand performance is needed in order to plan interventions, determine the effectiveness of different interventions, and monitor the development of hand-use of individuals with unilateral CP.
Within the group of individuals with unilateral CP, assessments of hand-use have primarily been developed for younger children with unilateral CP. Currently only the Melbourne Assessment 2 (MA2), Shriners Hospital for Children Upper Extremity Evaluation (SHUEE), and ABILHAND-Kids can be used in adolescents. But the MA2 and SHUEE mainly assess capacity, and the personcentred questionnaire ABILHAND-Kids assesses perceived performance difficulties, which can be quite different from the observed performance. [1] [2] [3] Recently, an adjusted and improved version of the Assisting Hand Assessment (AHA), the Kids-AHA 5.0, demonstrated strong evidence of internal construct validity, 4 and the same scoring criteria can also be used to assess the bimanual performance of adolescents in a newly developed test situation, the board game 'Go with the Floe' (Ad-AHA Board Game). 5 The AHA is commonly used to assess the quality of use of the affected hand during bimanual performance in individuals with unilateral CP. The Kids-AHA has been validated for children with unilateral CP aged 1 year 6 months to 12 years and has proven reliable and sensitive enough to monitor changes over time. [6] [7] [8] [9] [10] [11] With the newly developed test situation of the Ad-AHA, there is strong evidence that the AHA 5.0 is a valid instrument for assessing the bimanual performance of individuals aged 18 months to 18 years (AHA 18-18). 5 The AHA is used to score object-related hand actions observed during a semi-structured test situation (10-20min) that elicits the use of both hands and which is suitable for different age groups. The AHA 18-18 includes different test activities: (1) with the 'Small-Kids AHA', children aged 18 months to 5 years engage in exploratory play with toys; (2) with the 'School-Kids AHA', children aged 6 to 12 years handle the same objects but within the context of two AHA adventure board games; and (3) with the Ad-AHA Board Game, adolescents aged 13 to 18 years handle age-appropriate objects while playing the board game 'Go with the Floe'. Furthermore, two test activities have been developed in an adult poststroke version of the AHA (Ad-AHA Stroke) with unpublished evidence of validity (L. Krumlinde-Sundholm, B. Lindquist, J. Plantin & B. Hoare, manuscript in preparation): (1) (un-) wrapping a present (Ad-AHA Present) and (2) preparing a sandwich (Ad-AHA Sandwich), which may also be suitable for adolescents.
The Small-Kids AHA and the School-Kids AHA have excellent interrater, intrarater, test-retest, and alternateform reliability. 7, 8 However, for the Ad-AHA Board Game, there is currently no evidence regarding inter-and intrarater agreement, test-retest stability, or interchangeability of test activities. This information is essential in order to be able to evaluate whether changes after treatment or follow up are real effects or the result of measurement error.
The aims of this study were to investigate different aspects of the reliability of the Ad-AHA for adolescents with unilateral CP concerning: (1) interrater, test-retest reliability and the smallest detectable change; (2) alternateform reliability of the Ad-AHA Board Game versus School-Kids AHA (age group 10-13y); (3) alternate-form reliability of the Ad-AHA Board Game versus Ad-AHA Present and the Ad-AHA Board Game versus Ad-AHA Sandwich (age group 13-18y).
METHODS Participants
A convenience sample of 112 children and adolescents with unilateral CP, aged 10 to 18 years, were recruited by therapists working in eight different rehabilitation centers in Australia, Sweden, and the Netherlands (see Acknowledgements at end of paper) between May 2012 and February 2016. Forty-two of the children and adolescents participated in more than one type of reliability evaluation. The demographic characteristics and distribution of the adolescents are presented in Table I .
All participants and their primary caregivers gave informed consent. Participation was voluntary, and the parents and adolescents were informed that they could withdraw from the study at any stage. The ethical review committees of the involved centers approved the study.
Instrumentation
The AHA 5.0 was used, which consists of 20 items that describe object-related hand actions scored on a four-point rating scale. 4 The same AHA scoring criteria can be used for both children and adolescents, but scored from different age-appropriate test activities, thereby covering the age range 18 months to 18 years (AHA 18-18). 5 The sum scores are converted to AHA-units (interval logit measures) ranging from 0 to 100. 4 
Procedure
All AHA assessments were videotaped according to the standard protocol described in the AHA manual and sent to one location for central scoring. The participants were tested once or twice depending on the type of reliability evaluated. None of the participants received any form of intensive therapy between the two test occasions. The examiners were blinded to the results of each other's and their own previous assessments. All videos were scored in random order.
To evaluate interrater reliability, the first 38 participants in the convenience sample played the Ad-AHA Board Game once and two raters independently scored the videotaped session. Both raters (occupational therapists) had at least 10 years of clinical experience and were trained in scoring the AHA 5.0.
To evaluate test-retest reliability, the adolescents played the Ad-AHA Board Game twice conducted by the same What this paper adds
• The Assisting Hand Assessment in adolescents (Ad-AHA) scores are consistent across raters and occasions, indicating excellent reliability.
• The different test activities are interchangeable without affecting measurement error.
• Differences greater than or equal to 5 AHA-units can be considered a change beyond measurement error.
assessor, in the same environment with an interval of 1 to 2 weeks, and the videos were scored by the same assessor who was blind to previous obtained AHA scores. The testretest condition thus includes stability of both the examined person's behavior and intrarater agreement. For that reason, a separate intrarater analysis was not performed.
The four different test activities (School-Kids AHA, Ad-AHA Board Game, Ad-AHA Present, and Ad-AHA Sandwich) elicit bimanual actions involving the same underlying trait. Alternate-form reliability determines whether the scores for the outcome measures of these tests are consistent relative to each other. In this study, agreement between AHA scores was analysed by comparing scores on the Ad-AHA Board Game with scores on one of the other three test activities. Two out of 85 adolescents performed three different test activities (School-Kids AHA, Ad-AHA Board Game, and Ad-AHA Present). The maximum interval between two tests was 2 weeks.
Statistical analyses
Analyses were performed with SPSS software, version 21.0 (IBM Corp., Armonk, NY, USA).
Agreement between raters and stability across time were calculated using the intraclass correlation coefficient (ICC; type 2.1, a two-way random effects single measures model of absolute agreement) with associated 95% confidence intervals (CIs). 12 Agreement between alternate test forms was calculated using ICC type 3.1 (a two-way mixed effects single measures model of absolute agreement). 12 Commonly accepted minimal standards for reliability coefficients are 0.70 for group comparisons and 0.90 to 0.95 for making clinical decisions for individuals. 13 Portney and Watkins suggested that for many clinical measurements reliability should exceed 0.90 to ensure reasonable validity. 14 In this study, ICC values higher than 0.90 were considered excellent, between 0.75 and 0.90 good, between 0.60 and 0.75 moderate, and lower than 0.60 poor. 15 The standard error of the measurement (SEM) is the amount of error that can be considered random measurement error. The SEM agreement was calculated using variance components from the ANOVA analysis as the square root of the pooled MeanSquare-time and MeanSquareperson 9 time (SEM = √[s 2 t + s 2 residual]). 16 The smallest detectable change (SDC) indicates a change beyond measurement error. 11 The SDC was calculated from the SEM of test-retest and alternate-form scores, using AHA-units (SDC = SEM 9 1.96 9 √2).
12 At an individual level, a difference equal to or greater than the SDC can be considered a real change.
The presence of heteroscedasticity (or nonuniformity of error) was visually inspected with Bland-Altman plots. 17 In accordance with recommendations, 18 the outcome of the AHA is reported in the Rasch-derived logit-based 0 to 100 AHA-unit scale (AHA-units). The ICC for the total measure, the SEM, and the SDC are given in the same units as the outcome measure (i.e. AHA-units 0-100 scale).
To explore the agreement on item level, item's raw scores were used.
RESULTS

Interrater and test-retest reliability of the Ad-AHA Board Game
The ICC 2.1 for interrater reliability was 0.97 (95% CI 0.94-0.98), indicating excellent agreement for the total AHA scores of 38 adolescents. With a mean interval of 9 days (range 7-14d), the test-retest ICC 2.1 was also excellent, 0.99 (95% CI 0.98-0.99) ( Table II) .
The test-retest ICCs of all items (using raw scores) were good to excellent. Between two raters only 3 out of 20 items had moderate ICCs (Table II) .
Alternate-form reliability
For all alternate-form conditions the ICCs for individual AHA items were good to excellent (Table II) (Table II) . Visual inspection of the Bland-Altman plots (Fig. 1) showed no heteroscedasticity.
Measurement error
The SEM for interrater and test-retest trials was 2.3 and 1.6 AHA-units respectively. The SEM for test-retest for the Ad-AHA Board Game resulted in a SDC of 4.5 AHAunits. The SEM and SDC for the four alternate forms are presented in Table II . At an individual level, a difference in scores greater than or equal to 5 AHA-units can be regarded as being change beyond measurement error (i.e., exceeding the random variation caused by intraperson differences in behavior and by rater inconsistency) when using one of the four test activities (Ad-AHA Board Game, School-Kids AHA, Ad-AHA Sandwich, or Ad-AHA Present) (Table II) .
DISCUSSION
This study demonstrated excellent interrater and test-retest reliability of the AHA measures for adolescents with unilateral CP. The small test-retest SEM values indicate that measurement error due to random variance is acceptably low, taking into account not only the random error variance, but also possible rater and person inconsistency. Agreement between performance scores on the Ad-AHA Board Game and the School-Kids AHA was strong, which reflects excellent alternate-form reliability. Individual scores on the School-Kids AHA and the Ad-AHA Board Game were directly comparable, which makes it possible to use both test activities interchangeably for children aged 10 to 13 years. The alternate-form reliability was also good for adolescents (age 13-18y) performing three different activities. For interpretation of change knowledge about the size of the SDC is important. This study showed the SDC to be 4.5 AHA-units. Thus, a change of 5 AHA-units or more does (with 95% certainty) reflect a real change exceeding any random measurement error. This corresponds well with the SDC reported for the Kids-AHA version 4.4 (age 1y 6mo-12y). 18 We calculated the SEM and SDC values of the alternate tests to determine whether the test activities can be used interchangeably. The higher the reliability, the lower the SEM, and the greater the confidence in the accuracy of an individual's test score. Because alternate-form reliability includes both the consistency of assisting hand use in different test activities as well as the consistency of performance across time, we expected that the estimated reliability coefficients would be somewhat lower and the SDC higher in comparison to test-retest values. We found a slightly higher SDC (5.0 AHA-units) for the Ad-AHA Board Game versus the Ad-AHA Present. The SDC for the Ad-AHA Board Game versus the School-Kids AHA was even lower (3.8 AHA-units), indicating that consistent performance is expected also when switching from the test activity appropriate for 10-to 12-year-old children (School-Kids Board Games) to the test activities appropriate for 13-to 18-year-old adolescents.
The different test activities of the Ad-AHA are important tools for observing and evaluating bimanual hand use in adolescents. The AHA 5.0 scoring system yielded consistent results even when the activities were performed in different ways due to cultural differences. For example, in the Sandwich task, some adolescents cut a slice of cheese with a knife (Australia) and some with a cheese slicer (the Netherlands and Sweden). There were also differences regarding the type of bread, spread, plastic bag closing devices, or wrapping paper and gift ribbons that were used in the different countries. However, these differences were discussed with participating therapists and it was ascertained that the tasks elicited bimanual actions sufficiently to make observation and scoring of AHA test items possible.
A limitation of this study might be the relatively small sample sizes to evaluate different types of reliability. It is generally accepted that at least 30 cases are needed for a reliable estimate of measurement error. 19 Our samples for the alternate-form reliability in adolescents were somewhat smaller than the recommended sample size but it seems unlikely that this has affected the accuracy of the reliability indices. A limitation for the generalizability may be the fact that in our study, assessors had several years of experience with the AHA (one of them is an AHA teacher), which may have led to smaller measurement error. However, the test administration and AHA 5.0 scoring are highly standardized with precise and clear instructions specified in the AHA manual, which enhance test reliability. To evaluate test-retest reliability, the assessor was blind to previously obtained AHA scores and none of the participants received any form of intensive therapy between the two test occasions. This study has demonstrated that the SDC of 5 AHA-units can be considered as a value of a change beyond measurement error, which is useful for interpreting effects of interventions.
Test-retest for the Ad-AHA Board Game The highly acceptable SDC of 5 AHA-units (on the 0-100 scale) and the fact that the AHA 18-18 can distinguish nine significantly different levels of ability 5 indicate that the test has a high potential to be responsive to change. However, research is also needed to investigate the minimal clinically important difference. The minimal clinically important difference is the smallest change in scores that would be considered important or clinically meaningful to individuals. 16, 20 This may be challenging for several reasons, for example small changes (even less than the SDC of 5 AHA-units) may be very meaningful for one child or adolescent but not for another, and the size of a meaningful change may vary across different levels of ability. For example, for a person with severely limited function of the affected hand, a change from a score of 1 ('does not do') to a score of 2 ('inefficient') on a few easy items like 'Amount of use', 'Holds', 'Stabilizes by weight or support', may imply a big difference making it possible to start using the two hands together at all. This small change may open up a possibility to perform some bimanual tasks, even if it is with difficulty. On the other end of the ability scale, a person already scoring 3 (somewhat effective/almost normal performance) on the more difficult items like 'Manipulates', 'Varies type of grasp', 'Readjusts grasp', may not encounter scores of 4 (effective) as a clinically important difference since already a score of 3 indicates a high ability and good assisting hand function.
To report outcomes and evaluate change, interval level measures are recommended. 21 Therefore the AHA rawscores are converted into a logit-based 0 to 100 AHA-unit scale (AHA-units). 18 The logarithmic transformation 'stretches' the scale in the lowest and the highest ends and renders a scale with equal size of measure intervals along the whole range. Thus, this scale makes change comparable for persons at different starting points along the scale. It also implies that, for example, a change of 1 AHA raw-score in persons with an extreme low ability (22 raw scores) results in a change of 4 AHA-units. On the other hand, a change of 1 AHA raw-score in persons with an average ability (about 40 raw scores) may result in a change of only 1 AHA-unit. For clinical practice and research, it is important to know that a small change in raw-scores in individuals with extreme low or high ability may imply a big (significant) change in measures of the quality of use of the affected hand during bimanual performance, and the interval level AHA-units is the fairest measure of change. 22 
CONCLUSIONS
This study showed that the Ad-AHA has good-to-excellent interrater and test-retest reliability in adolescents with unilateral CP. Test scores for the alternate forms were comparable, showing that reliable AHA scores can be generated by using different age-appropriate tests situations for children and adolescents aged 18 months to 18 years. The excellent measurement agreement means that the different test activities can be used to evaluate change over time, with a score change of 5 AHA-units indicating a change beyond measurement error with 95% certainty, using the AHA 5.0 scale.
